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A bstract
TheRO SAT Ultradeep HRIsurvey in theLockm an Holecontainsa com pletesam -
pleof91 X-ray sourceswith uxesin the0.5-2 keV band largerthan 1.2  10  15 erg
cm   2 s  1,where over 75 % ofthe sourcesare quasarsorSeyfertgalaxies.During
thecourseofouropticalidentication work,wehaveobtained opticalspectra of67
narrow em ission linegalaxies(NELG ),which arephysically notassociated with the
X{ray sources.W e have derived the equivalent width (EW )and the fullwidth at
halfm axim um (FW HM ) for the m ostprom inentem ission lines of41 quasarsand
Seyfertgalaxiestaken from theRO SAT Deep Survey (RDS),which hasa ux lim it
of5.5  10  15 erg cm   2 s  1 in the0.5-2.0 keV band.Furtherm orewehaveobtained
the EW and FW HM valuesofthe eld NELG s.Here we presentthe spectroscopic
discrim ination between RDS Seyfertgalaxiesand eld galaxies(NELG ).Theanaly-
sisoftheem ission lineshasrevealed thata singleobjectoutof69 spectroscopically
identied AG N ts the opticalcriteria ofNarrow-Line Seyfert 1 galaxies (NLS1).
This m ay indicate that NLS1 contribute only m arginally to the soft X-ray back-
ground,butwe can notexclude a possiblelargercontribution.
Key words: galaxies:active;quasars:general;quasars:absorption lines;X-rays:
galaxies
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1 T he R O SAT D eep Surveys in the Lockm an H ole
The m ostsensitive ROSAT surveys consistofa 207 ksec ROSAT PSPC ex-
posure,a 205 ksec HRIrasterscan and a total1112 ksec HRIexpsoure ofa
0:3deg2 areain theLockm an Holeregion.TheHRIim agesarethebasisforthe
Ultradeep HRISurvey(Hasingeratal.1999).Atauxlim itof10  15 ergs  1 in
the0.5-2.0keV energy band,theHRIsurvey hasresolved about70-80% ofthe
softX-ray background intodiscretesources.TheROSAT Deep Survey (RDS),
based on the PSPC im age,includesa statistically com plete sam ple of50 X-
ray sourceswith uxesin the0.5-2.0 keV band greaterthan 5.510  15 erg s  1
(Hasingeretal.1998).The spectroscopic identication ofthe RDS using the
Keck and Palom artelescopeshave shown thatabout75% ofthe sourcesare
quasarsand Seyfertgalaxies(Schm idtetal.1998,Lehm ann etal.2000).
Both surveyscontain 91X-ray sources,wherethefaintestsourcesreach a ux
of1.210  15 erg s  1 in the 0.5-2.0 keV band.Recent optical/infrared work
hasled to an identication of88 ofthe 91 X-ray sources,conrm ing a high
fractionofAGNs(72objects).ThisisthelargestfractionofAGNsfoundinany
previousX-ray survey (Boyleetal.1995,Georgantopolousetal.1996,Bower
eta.1996 and M cHardy etal.1998).Am ong ourAGNsisthe m ostdistant
X-ray selected quasarataredshiftof4.45(Schneideretal.1998).Groupsand
clustersofgalaxies(10% )form the second m ostabundantclassofobjects.
OneX-raysourcehasbeen classied asanarrow em ission linegalaxy(NELG),
whereassom edeep ROSAT PSPC surveysfound asignicantly largerfraction
ofNELGs(Boyleetal.1995,M cHardy etal.1998).W esee no evidence that
NELGs or other classes ofobjects dom inate the soft X-ray counts at faint
uxes.
2 O pticalspectralproperties ofR D S quasars and Seyfert galaxies
In thefollowing wediscusstheem ission linepropertiesofthe41 spectroscopi-
cally conrm ed RDS quasarsand Seyfertgalaxies.33X-ray sourceshavebeen
identied with quasars and Seyfert 1 galaxies in the redshift range between
0.08 and 2.83.Their opticalspectra show broad em ission lines (FW HM >
1500 km s  1)ofLy 1216,C IV 1548,C III]1908 and M g II2798 at
m edium and largeredshifts,orofBalm erlines(H 6563,H4861)atlower
redshifts.M ost ofthem can be classied as type IAGN,whereas the large
Balm er decrem ent oftwo Seyfert galaxies having broad H or H em ission
linesindicatestypeIIAGN (seeobject59A in Fig.1).
The opticalspectra ofsix RDS AGNsshow only narrow em ission lineswith
FW HM < 1500 km s  1 indicating a type IIAGN.W hen their redshifts are
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Fig.1.K eck LRIS spectra ofthe quasar 477A (z = 2:949) and ofthe Seyfert 1.5
galaxy 59A (z = 0:080),which shows only a broad H em ission line (FW HM 
8300 km s  1.)
above 0.5,the spectra do notallow a classication using the diagnostic dia-
gram sofOsterbrock (1981).Buttheexistenceofhigh excitation [NeV]3426
(see 26A in Fig.2)orstrong [Ne III]3868 narrow em ission lines,together
with an X-ray lum inosity above1043 ergs  1 in the0.5-2.0keV band,revealan
AGN (Schm idtetal.1998).Two furthersourceshave been classied astype
IIAGNs,becauseoftheirhigh X-ray lum inosity (log LX > 43).Oneofthem
isa radio galaxy atz = 0:708 showing only typicalgalaxy absorption lines.
SeveralRDS AGNs (type Iand II) below z = 1 show a signicant contin-
uum em ission originating in thehostgalaxy (Fig.1/Fig.2).TheRDS sam ple
containsin total35 type Iand 6 type IIAGNs.The large R   K 0 colourof
two spectroscopically unidentied sourcesindicateseitherobscured AGNsor
high-redshiftclustersofgalaxies(Lehm ann etal.2000).
3 Spectroscopicdiscrim ination ofSeyfertgalaxiesand eld N ELG s
In the course ofthe spectrocopic identication ofourX-ray sourceswe have
taken opticalspectra of83 eld galaxies.67 ofthem arenarrow em ission line
galaxies(NELGs)with no physicalconnection to theX-ray sources.Thereis
no softX{ray em ission (0.5-2.0 keV band)detected above a lim iting ux of
10  15 erg cm   2 s  1 associated with these sources.The opticalspectra ofthe
eld NELG (cf.14C in Fig.2)show only narrow em ission lines,butno strong
[Ne III]3868 or high ionization [Ne V]3426 em ission lines.The possible
m isidentication offaintX-ray sourceswith NELGsisdiscussed by Schm idt
etal.(1998)and Lehm ann etal.(2000).
Tostudy theem ission linepropertieswehavederived theFW HM and therest
fram eEW forthem ostprom inentem ission linesoftheRDS quasars/Seyfert
galaxiesand oftheeld NELGs.Them ean FW HM /EW valuesforthebroad
em ission lines ofRDS quasars/Seyfert 1 galaxies are consistent with those
valuesfound forotherX-rayselected AGN sam plesatlowerm ean redshift,eg.,
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Fig.2.K eck LRIS spectra ofthe narrow em ission line AG N 26A (z = 0:616)from
theRDS sam pleand thenarrow em ission lineeld galaxy (NELG )14C atz = 0:119.
The spectra of26A and the NELG show a prom inentgalaxy continuum above the
Ca H+ K 3934/3968 break.Thehigh-ionization [NeV]3426 em ission linein the
spectrum of26A conrm stheAG N natureofthisobject.
the RIXOS-sam ple (Puchnarewicz etal.1997)and the CRSS-sam ple (Boyle
et al.1997),and the m ean values derived from severalem isssion line and
UV/opticalselected AGN sam ples(Schm idtetal.1986).
lines RDS AGN EW/FWHM Field NELG EW/FWHM
mean  error n mean  error n
(1) (2) (3) (4) (5) (6) (7) (8) (9)
[Ne V℄ 3426 4/680 4/250 1/90 9/8 - - - -
[O II℄ 3727 12/440 11/200 3/60 17/11 30/290 28/120 4/30 61/18
[Ne III℄ 3868 5/820 4/400 2/180 8/5 4/770 2/100 1/60 8/3
[O III℄ 4959 6/380 5/270 2/120 8/5 8/600 8/320 2/130 21/6
[O III℄ 5007 20/310 28/80 9/30 9/5 26/290 30/100 6/40 29/7
Tab. 1.Rest fram e EW [A]and FW HM [km s  1]values ofthe forbidden
narrow em ission linesoftheRDS AGN in com parison with thoseoftheeld
NELGs.High ionization [NeV]3426 em ission lineshavebeen detected only
in AGN.
The m ean RDS EW valuesofthe forbidden narrow em ission lines,found for
Seyfertgalaxiesatredshiftsbelow 1,areslightly sm allerthan thosefrom the
AGN com parison sam ples (Lehm ann et al.2000).The RDS EW of[Ne III]
3868 and the[O III]4959/5007 linesseem to bein betteragreem entwith
those from eld NELGs(Tab.1)than with those from otherAGN sam ples.
The opticalspectra of m ost RDS AGNs,which contain forbidden narrow
em ission lines, show several typical galaxy absorption lines, eg.,Ca H+K
3934/3968,CH G 4301 (see 26A in Fig.2).A strong continuum con-
tribution produced by the host galaxy could account forthese less stronger
forbidden linesin ourRDS AGNs.
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4 C ontribution ofN LS1 to the soft X -ray background
Although them ajority ofourfaintX-ray sourceshavebeen spectroscopically
identied with quasarsand Seyfertgalaxies,only oneoutof69AGNsm atches
theopticalcriteria ofnarrow lineSeyfert1 galaxiestaken from Osterbrock &
Pogge(1985)and m oreprecisely dened by Goodrich (1989).Thesesom ewhat
subjective criteria are asfollows.1)NLS1 have slightly broaderBalm erlines
(< 2000 km s  1) in com parison to the forbidden lines such as [O II]3727
or [O III]4959/5007.2) The ux ratio [O III]5007 to H 4861 is <
3,a levelwhich allowsto discrim inate between NLS1 and Seyfert2 galaxies
(Shuder& Osterbrock 1981).3)Em ission linesofFe IIorofhigh ionization
[FeVII]6087 and [FeX]6375 areoften present.
The spectrum ofthe NLS1 37A (Fig.3) shows prom inent Fe II bum ps at
4500{4600 A and at 5250{5350 A (in the rest fram e).The FW HM ofthe
broad com ponentoftheH 4861 em ission lineisslightly abovethelim itfor
NLS1 (207020 km s  1).The ux ratio [O III]5007/H 4861 is clearly
below 3.The NLS1 37A atz = 0:462 belongsto the highest-redshiftobjects
ofthis class.The bright soft X{ray selected sam ple ofGrupe et al.(1999)
containsforexam pleonly 4 objects(12% )abovez= 0:3.
Fig.3.K eck LRIS spectrum ofthe NLS1 galaxy 37A (z = 0:467).The sym bol"x"
m arksa region ofan atm osphericabsorption band ( 7600 A).
The fraction ofNLS1 in X-ray selected AGN sam ples (see for an overview
Grupein theseproceedings)hasto beconsidered with caution.NLS1 atred-
shiftsabove 0.65 could be m issed due to the lim ited wavelength coverage of
theopticalspectra ( < 8200 A).TheH/[O III]region iscovered in 13of69
spectroscopically identied AGNsfrom theROSAT Deep Surveys.M ostofour
AGNsshow only broad UV em ission lines,eg.,C III]1908orM gII2798,at
high redshifts.Recently,Rodriguez-Pascualetal.(1997)havedetected broad
com ponentsofstrong UV em ission lines(eg.,L 1216 and C IV 1548)in
severalNLS1.Ifthisisa com m on property wecan notexcludea signicantly
largerfraction ofNLS1 in high-redshiftAGN sam ples.
Buteven the fraction ofNLS1 in som e low-redshiftAGN sam ples,eg.7% of
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theROSAT BrightSurvey (Schwope etal.2000)or22% oftheRIXOS AGN
sam ple(Puchnarewicz etal.1997),could resultfrom a dierentclassication
schem e ofNLS1 objects(upperlim itforFW HM H  < 1500 or2000 km s
  1).
W ithoutwell-controlled sam plesatlow and high redshiftsitisnotpossibleto
obtain reliablestatem entsaboutthecosm ologicalevolution ofNLS1.
Thefraction ofNLS1found in theROSAT Deep Surveys(1% )m ay indicate
a m arginalcontribution ofNLS1 to the softX-ray background.Nevertheless
wehaveto considerthisasa lowerlim itso far.
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